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Spin tests heve been performed in the”Langley 20-foot

free-spinnti.gtunnel on a (1.(lsg-shalemodel of the
Curtiss--Wight X.P-55airpl=leo For the tests, the model
was modlfled as recomtnendedby the NACA to improve the
longitudinal-trim characteristics by insta].llnga large
elevator with increased de~laotions and large wing tips
with extensions to the wing-tip trimmers.

The spins were oscillatory in pitch end roll at a
large average angle of attack and reversal of the rudders
fully and rapidly stopped the,rotation. After the rotation
stopped, the model nosed down into a dive when the stick
WRS forward or free long~tudlnally for erect spins and
when the stick was back or free longitudinally for inverted
spins.

INTRODUCTION

As requested by the Air Technical Service Conmmnd,
Army Air Forces, a 0.059-scale model of the XP-55 alr-
plsne was tested in the Langley 15-foot free-spinning
tunnel to determine modifications b airplane design whioh
would prevent the atrplane from trimming at flat attitudes.
The XP-55 is a low-wing, canard-t~e, pusher airplane
with a large amount of sweepback M the wing. The pos-
sibility of attaining trim at either large negative or
large positive angles of attack with this airplane was
previously indicated by spin tests of a model of the
Curtlss-Wright *-B airplane - a light-weight, full-scele,
flying mock-up of the XP-55 airplane. Thn model Of
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the xP-55 was modified to”inolude modifications whloh
prevented trim at flat attitude$s””asdetermined by the
longitudinal-trim tests and as recommended in reference Z,
and was then tested in the Langley 20-foot free-sphnlng
tunnel to determine whether the modifted-model had satls-
f’actorysptn and reoovery oharaoterl.sties- The results of
the spin tests are presented hexwln.

.

The erect-spin characteristics of.the rmi’~1in the
clean condition were determined for the normal loadlng
and for various loadlng conditions. The ef~bcts”of
extending the flaps and landing gear both individually
and toget-nerwere investigated for the normal loading.
The inverted-spin characteristics ot the model were
determined for the clean condition, normal loading. Tests
were also performed for the clean condition, normal
loeding, to determine the-effect on the s~in and recovery
characteristio$ of linking the extensions of the wing- “
tip trimmers with the elevator, rudders, on ailerons.

wing s~an, feet.

wing srea, square feet

wing or elevator chord -

mean aerodynamic chord, feet .

ratio of distance of center of ~ravity
rearward or leading edge cf’mean
aerodynamic chord to mea Rsrodynamic
chord

rstio of distance between csntcr of gravity
and fuselage refersnce lins co mesn
aerodynamic chord (positive.when center
of gravity is below fusei+gs reference
line). .

. .
Ill mass of afrplsne, sluas

. .
.. :. . .
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relative density of airplane

moments of indrtiti’about“X-;‘K, and
Z.body axes, respectively, slug-feet2

inertia yawing-momentparameter

inertia rolling-moment parameter

inertia pitchin~-mornentparameter

air density!”slug per cubic foot
angle between fuselage reference line and

vertical (approximately equal to absolute
value of angle of attack at plahe of
symmetry), degrees

angle between span axis and horizontal,
degrees

full-scale true rate of descent, feet per
sec”md

full-scale a~ular velocity about spin
axls, revolutions per second

helix an@e, angle between fli~ht path
and vertical, de.qrees(For this model,
the average abgolute value of the helix
~le was approximately 30.)

approximate angle of sideslip at center of
gravity, degrees (Sldeslip is-inward
when inner wing is down by an amount
greater than the helix angle.)

APPARATUS AND METHODS

Mode1

The 0.059-scale model of the XP-55 airplane modified
as a result of the longitudinal-trim tests reported in
reference 1 was used
drawhg of the model
modifications to the

. .

f6r the spin tests. A three-view
as tested Is shown as figure 1. The
model were as follows:

,.
..
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(a) RemO;;; o~,the “leadlng-e@e wing-root spoilers
,9 8

(b) Removal of t~leoriginal (small) elevator and
installationaf the altezmate (large) elevator
(fig. 3).

(c) Increase In
edge 17°
down and

the elevator
down and ,60°
60° Up.

deflection from traili
wup to trailing edge 60

(d) Removal of the original (s?nall.)wing tips and
installation of the alternate (large) wing
tips (fig. 4).

(e) Installation of 5/8-inch (model-scale) extensions
of the wing-tip trimmers (fig. 5).

Photographs of the orlglnal model (small elevator, small
wing tips, and without the extensions of the wti~-tip
trimmers) in the clean and landing conditions are shown
In figure 6.

The dimensional characteristics of the airplane with
the original and wfth the alternate elevator, and with
the original and with the alternate wing tips are given
In table I.

The model was Eallasted to maintain dynamic similarity
to the airplane at an altitude of 10,OOC feet (p = C.001756
slug peu cubic foot). When the landin~ ~ear and split
flaps were installed, small balla~t wei~kts were moved to
new locations so that the mass dlstrihutlon of the model
would represent the mass distribution of the airplane in
the landing condition. A remote-control mechanism was
installed in the model to actuate the controls for recovery
attempts. The moments exerted on the control surfaces
were sufficient to reverse the controls fully and rapidly.
The propeller was not simulated on the XT-55 model inasmuch
as tests with a model of the Curtiss-Wri~Jht24-B airplane
shwed that a freely rotating propeller would have little
effect on the spin characteristics of the model.

The elevator was mass-balanced when the tests were
started. Because of the dlfflcult~ of testing the model
with the mass-balance weights installed and because the
results obtained from preliminary tests with and without
mass-balance weights installed were similar, the mass
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weights were removed eanl~ in the test pro~ram. The main
portion of the tests were therefore performed without
mass balance on the elevator.

Wind Tumel and ‘lesidngTechnique

The tests were performed in the Langley 20-foot free-
sphning tunnel, the operation of w:’lch+s fenerallr .
similar to that described in reference 2 for the 15-foot
free-spinning tunnel except that the model-launching
technique has been changed from launchlng with a spindle
to launchi~ by hand with splruningrotation. Methods
of obtaining spin-testdata and of converting these data
to the corresponding full-scale valuea presented on the
cb.arts are also ~escrlbed in reference 2.

Spin-tu~el tests *:?ereperlsr-.ett~ dcter~~inet}e
spin md recovery charc.cteristiceof the :aodelfor the
normal control cor~iflurationfor s.plru~i~~(stlc’.:full back
longitudinally and neutral laterall~, &r.cirudders full with
the spin) and for var:.ouso~ker stick dei’lectionconibl-
nations lncludin~ neutral ~ni.:~ilJd~Lui ?.=flectiOn&of the
~tick for various ?zodelloac?in~~~i~d~orfi~u~aati~~-s.The
turns for recovery were meacured froirltk.eti~;e Vile contrcls
are movefito the tlrm the rj:inrotati’oncezses; based
primarfllyon the 10ss of al.titudcof the air~lane during
the recovery and suhsoqusat dive, t~:ecriterion for a
satisfactory recovery from .aspin for the moCel has been
adopted as 2 turne or less. Re path ~ollowed by the
fusela~e raf~rence line after the rotatian ceased is also.
shown on the charts. Far tle conditions in which the model
stopped spinning without central move:ilentwhen launched in
a spinni~ attltu~e with the rudders set with the rotation,
the motion of the model after the ~pin rotation stopped
Is descrl~ed and the results =e retarded on the chart as
“KO spin.

Tests were also perforzed to Letezmina the effect
of linking.the extensions of the wing-tip trimners ~:ith
the ailerons, elev~tor, or rud~-er. Inam.uch as the ailerons
or elevator were not noved (except for elevator-free tests)
during an: individl:altest, tke exten~ions were not
actually linked wltk.the ailerons or ulth the elevator but
w~re fixed at neutral, ug, or <,owndeperx2iilEupon the
deflection of the ailerons or el~vfitor. No arra%ement
was made for tests }7itk.a free elevator li~ed with free
extensions of the mi~~-tip trinra~rs. ‘dheextensions were

— ..——
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linked with the ruddem, however, and moved with them when
they were r6versed f’orrecov6ry.

a,dsflree. . . . . . . . . . . . . . . . . . . . . . tl
$, degree . . . . . . . . . . . . . . . . . . . . ..tl
V, percent . . . . . . . . . . . . . . . . . . . . . t5
jl,percent . . . . . . . . . . . . . . . . . . . . . *3

{

~ykl~n obtal”nedfl-OilnotiOn-
pic?m~e recofi, turn . . . . . . +Turns for recovery
‘L.erJobtaixd from ‘VisUal *1esti~ate, tern . . . . . . . . . ~
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Weight, percent . . . . . . . . . . . . . . 0 low 2 high
. -- Center-of-cravity lcmatlon, gercent ~ . . . 0 forward to

2 rearward

{

of normal
Moments Ix, percent . . . . . . . . . . . 2 10W,33 high

of Iy, percent . . . . . . . . ...1 low,llhigh
inertia Iz, percent . . . , . . . . ~ . 1 high,23 high

The limits of accuracy of the”neasurorents of the
mass characteristics were as follows:

Weight, percent *1● mmm.a 9.
Center-of-Rravitygllc;tlo~,‘p~r;e;ha~” . . . . . . . . ~1
Ix, percent

}

.
Iy, percent . . . . . . . . . . . . . . . . . . . . .~5
Iz, percent

The controls were sot with em accurac:~af *lo.

TE5T CONDITIONS

The naxirnumcontrol defl~ctj.onsused I’orthe spin
-testswere:

Ili$htrudder, degrees . . . . . . . . . 40 riEht,ll left
Left rudder, degrees . . . . . . . . . 11 rl@t,40 left
Elevator, degrees . . . . . . . . . . 60 Up,60 down
Elevator tab, deCre&s” . . . . . . 25 down when elevator

was 60 up
O Yi.enelevator was O
25 up when elevator
.~7Q8GO down
O when c.lovatorwas
free

—.—-. .- —.
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Ailerons, ~egrees
~,ihenflap; were neutral . . .
Rhen i’lapewere 45° down . .

?la~g, de~regs . . . . . . . . .
Wing-tip trimmers, degrees . . .
Extensions of vr!np-tlptrim-er-,

~’”hen1“’nkedwith the ailerons

Extension of left wirlc-
tiz triarmr . . . . . . .

~h g

stick in
elevator
elevator

9.999 ● 28 UQ 9 tiOWIl

● mmbwa ● 38 UP,1 UP
● a...b . . 45 down
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might be slower

k1 atl%n@ to allow

.
9

than for th= no-al ~Joadixq . In an
“only“theeffect of a shgie’change at one .

i time, the wetght and center-o~-gravity l~oation ~f the”
model were held approximately oonstant when the mass
distribution of the model was changed. Simtlarly, the
weight and nikss“distributionof the model around the
normal center-of-gravity looatton were held approxl-
qately constant when the cehter-of-gravity locatlon was
changed. “ “. .

. .

Teats wei?eperkomed only for the no=l 3.oadlngwhen
the model was in the landing condition (flapg deflected
45° dov.m,ailerons deflected 10° up for trim, and tr~cyole
landing gear Installed).

“ RE’KLTS AND DISCUSSION .

A key to the results presented and a list of the
footnotes used on the subsequent charts are given on
chart 1. The results of the spin tests are presented on

. charts 2 to 9. The model data are presented in terms of
full-

%
ale values for the airplane at a test altitude

of 10, feet. Both right and left erect-spins were
tested for the normal loading, clean condition, and showed
that the model was slightly asymmetric in that spins to
the pllot!s rl~~t were flatter and had more rapid rates
of rotation,somewhat slower recoveries, and less tendency
to nose down rapidly into c dive after the spin rotation
stopped than spins to the pilot~a left for corresponding
control configurations. The remainder of the tests with
the nmdel erect were, therefore, performed with.spins to
the pllotls ri@t.in order to obt.alnconservative results.
The tests with the model inverted were perfomed with
spins to both the pilot~s right and left. . 0

. . . . .
. .

. .
Clean Condition

Normal loadi .- The tes* results for erect spins of
ean condltlon to both the pilotts

ri@t afidleft ark “presentedon chart 2. This condition
is represented by loadlng 1 on table III and point 1 on
figure 7. The resultis””shdwthe same general effect of
comntroldeflections”forboth directions of spin. The

“discussion Is arbitrarily based on the slightly conserva-
tive results obtained from spins to the pilotts right.

-.
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ihe spins wd@3, geherdly sid7”with OsclllatiOns Or
&ather “l&rgetia&itude in both pitch ~d roll for all
aileron deflections whbtith~ stick was back or rieutral
longltudtially, the spins with ailerons deflected a ainst

?the spin (stick left in a right.spin) being violent y
oscillatory. ‘A portion of’a moti.on-picttit+erecord of a
typical oscillatory spin with the stick back is shown in
figure 8. Although rapid full rudder reversal satis-
factorily stopped the rotation .for all spins, the model
always remained horizontal thereafter indicating nearly
vertical descent at an extremely flat attitude.

The spins with”the stick full forward or free longi-
tudinally (the stick floated st or near the full forward
stop) and the ailerons neutral or with the sDin were
generally similar to those obtained when the stick was
neutral or back longitudinally. ‘Whenthe rudders were
reversed with the stick forward or free longitudtially,
howeveb, the model stopped rotating and.nosed down into a
steep dive either immediately thereafter or after a short
glide at a flat attitude.

When the modei was launched in the tunnel with the
ailerons against the spin and the stick free or forward
longitudinally, the amplitude and violence of the oscilla-
tions in pitch and.roll progressively increased until the
model pitched end/or rolled from an erect to an inverted
attitude. The oscillations and the pitching and/or
rolling from erect to inverted and from inverted to erect
attitudes continued until the model hit the safety net.
A portion of a motion-picture record of e typical motion
of the model after launching into the tunnel with ailerons
deflected against the spin end the stick free or forward
longitudinally is shown in figure 9. It was noted from
the motion-picture records of the tests that high accel-
erations were frequently encounte~ed during these violent
oscillations. .Inasmuch as a similar”motion”of the airplane
would be confusing to the pilot as well as severe enough
to in@re him or to cause damege to the airplane structure,
it”is recommended that aileron-against deflections be
avoided on the airplane.

The results of the erect spin tests were generally
consistent with results of the longitudinal~trim tests
presented in reference 1 in that when the stick was fixed
at back or neutral longitudinally, the model remained at
a flat attitude aftar rudder reversal stopped the rotation
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and that when the stick was forward or free lo@.tudinally,
the model nosed over into a eteep dive either immediately
after the spin ro~a-t~.onst%oppedor af.t.er“a-short .gllde “

““”-””a%”aT.~atkttit’tie. ~ this.comection.,..recoveries were
occasionally attempted when the model wad clo+e.to the
safety net”and the model then glided into the safety net
before having hhd an opportunity to nose dowriinto a dive.
The results of these tests are the ap~arentl.yinconsistent
results present@ on the charts which Indicato that the
model did not nose down Into a steep dive after rudder
reversal when the stick was forward or free longitudinally.

“It is believed, however,.that the model WOUIG always have-
nosed down into a dive after the rotation stopped when the
stick was forward or free lon~itu”dinallyhad sufficient
space been available in the tunnel.

Mass variations.- Test results for erect spins of the
model in he clean.condition with the mas~ distribution
increased along the winfla(ZX and IZ increased approxi-
mately GO percent of Ix) and with the mass distribution
decreased alonq the fuse.laga(Iy and IZ decreaged approxi-
mately 20 percent of Iy) are presented on churt 3. These
conditions are represented by loadin.~s2 and 3, respec-
tively, on table 1~1 and figure 7. The spin character-
istics of the model were not apprecia?]lyafi’ectodby
either change in mass distribution, The tendency of the
model to dive Immediately after reversal cf’the rudders
stopped the spin rotation, however, was Increased when
the mass distribution was decreaskd alon<~the fu~elage
and the stick was forward or free lon~itudinully. The
increased rapidity with which the moilclnosed dovniafter
rudder reversal stopped the spin rotation wken mass was
retracted along the fuselage may be attrib’~tedto the
reducet inertia moment that ‘itwas necesnar~ for the aero-
dynamic pitching moment to overcome before the model went
into a dive.

Center-of-gravity variations.- The effects of varia-
tions in he center-of-”gravitylocation for erect spins
In the clean condition are shown on chart 4. When the
stick was forward or free longitudinally,.motin~ the center
of gravity forward 7 percent of the mean aerodynamic chord
from the normal location (loading 4 on table 111 and
point 4 on fig. 7)’.increasedthe napd.ditywith whioh the.
model nosed down into a dive after rudder reversal stopped
the spin rotation;whereas,moving the center of gravity.
rearward approximately 8 percent of the mean aerodynamic
chord from the ncnmal location (loading 5 on table III .

.

I_ --- . .. -. . .
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and point 5 on fig. 7) “decreased
model to dive. These results are

“‘k Nd. ‘&G31a

the ..tehd&cy.@ t~e
generally consistent” ‘

with the results of the longitudln~l-trirntests prese”nt.ed
in reference 1. “.

.. ...
Extensions of the wing-tip trlmmer”slinked with the.

extensions of the wing-tip trimmers with the.elevator,.
rudders, or ailerons for erect spins of’the model In the.
clean condition, normal loading. Both the nagnltuda and
the violence of the oscillations in.pitch and roll were
increased somewhat when the extensions of.the wtng-tip.”
trimwers were linked ylth the elevator. When the stick
was full forward, however, the model nosed dmn, into a dive
more rapidly after the spin rotation stopped than when the

“ extensions of the wing-tip trimmers were,maintained at
neutral. .. ... ..,.
..

LinklnS the extensions of thq wing-tip trimmers with
the rudders decreased the tendency of the model to spin,
but alsa decreased the tendency of the model to nose .down
when the stick was forward or free longitudinally.

The spin.characteristics of the model were not
appreciably affected when the extensions of the wing- .
tip trimmers were linked with the ailerons, but when the
stick was forward or free lo~itudinally, the model would
not nose down after the spin rotation had been stopped.

An analysis of the results of the tests with the
extensions of the wing-tip trimmers linked with the controls
Indicated that the increased dlvinF tendency obtained for
stick-forward positions when the extensions were linked.
with the elevator can be attributed to the negative
pitching moment contributed by the extensions of the wing-
tip trimmers in the down position. Similarly, the analysis
Indicated that the reduction in diving tegdency obtained
when the extensions of the wing-tip trhmers were linked
to either the rudders or the ailerons can ‘~eattributed
to a rositive pltchln~ moment produced by the differential
deflections of the extensions.

~eco~~ended r~~very tec;mique from erect spins.- The
standard tecl.~lquefor recovery from erect s~ins consists
of reversal of ~he rudders foliowed approxlmitely 1/2 turn
later by movement of the stick forward (reference k} .
Ailerons are maintained at neutral. inasmuch as the =-55
airplane will not nose down into a dive until the stick is

. . .. .
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moved nearly full forward, the altitude lost during the
““ spin recovery will be unnecessarily increased if the
.. standard recovery tdchnlque Ss employed. In order to

increase the rapidity of the nosing down of’the airplane
.-and thereby decrease the altitude lost during recovery,

it Is strongly.recommendedthat .thtistick be movqd full
forward or released longitudinally (to permit it to move
forward towards the stop) z!inmltaneouslywith reversal of
the rudders. In addition, the pilot should take precfiutlon
to prevent a movement of the ailerons in a direction “
against the spin in order to avoid the violent oscillations
associated with aileron-against deflections.

Inverted spins.- ‘I!heresdl.ts of Inverted spin tests
for the olean’condition, normal lcadin~, are presented
on chart 7. The model was sliphtiiya“s~yzmnetricalfor
these tests but, as for the erect spine, the.same general
effects of control setttr~s were observed for both spin
directions. It is to be noted that.the order used for c
plotting the data far the inverted spin”sis different from ‘
that used for the erect spins. T%r inverted spins, .
~tcontrolscroesedll(right rv.dderpedal forward aud stick “
to left fcm spirmto pilot?s rl@t) for the developed
spin i~ given to the rl@it of tho chart aridstick back is
at the bottom. Wkmn the controls are crossed in the
established inverted spin, T,k.eailerons aid the rolling
motion; when contr~ls are topther, the ailerans oppose
the rollinS motion. !?kle an@e of win~ tilt on the chart
is Civer as up or crwn relative to the ground.

The inverted spins were flat and oscillatory as were
the erect spins. The m4gni.trLde0? the oscillatims in
botb pitch and roll, however, was generally greater than
that for the erect spins. Rapid full rudder reversal
satisfactorily stopped the spin rotation for all oontrol
configurations, but the model.remained at a flat attitude
thereafter when the stick was forward or neutral ion@-
tudlnally. When, however, the stick was back or free
(the stick floated at or near the full back stop)
longitudinally,.the model nosed over Into a steep dive
Immediately after rudder reversal &topped ”the spin. ....
rotatiorla

The motion of the model when the controls were
together was similar to the motion previously described
for erect spins with the ailerons against the spin.. For
the reasons previously noted for erect aileron-against
spins, it is recommended that devel~ped inverted spins
with controls toFether be avoided on the airplane.

1. —
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‘The results of the Inverted-spin tests also were
generally consistent with the results of the lonCitudlnal-
tri.mtests presented in reference. “ .

Recommended recovery tec~niqpe i’rominverted spins.-
In order to avoid undue loss of altitude during recovery,
It Is recommended that the stick be moved full back or
released longitudinally simnltamously with reversal of
the rudders when recovery is behg attempted i’roxan
inverted spin.

Landing Condition .

Test results for erect spins with the model”in the
landing condition and with flaps alone and landing gear.
alone ext,endedare presented on charte 8 and 9. A
comparison of the results presented on chart 8 for the
landing condition and for the clean condition shows that
the spins in the landing condition were generally similar
to the spins in the clean condition When the stick was
full forward, neutral, or full back, When the st?ck was
free, the spins in the landinF cond~tion were somewhat
steeper than spins in the clean conflltlon. The model
stopped rotati~ shortly after the rudders were reversed
fully an~ rapidly for all control cor.i~pmations. When
the stick was forward or free lon@tudinally, the model
nosed down into a dive more rapidly after the spin rotation
stopped for the kndL@ conckitim, or w“henlanding gear
alone was extended, than for the clean coni’.ition.

The increase in rapidity in nosing down V:henthe flaps
and landing gear were extended may be explained on the
basis of an increasad negative $itchinC moment. The
results of these tests are in Ceneral ag~eement with the
results of the longitudinal-trim tests presented in
reference 1=

Recormnended“recovery technique from spins in thG
landinu condition.- The technique previously r~ccnmuended
for recovery from srect spins in the clmn ccndition
should 3e followed when attempti~ reca%”leryfrom.spins
in the landing condition. The flaps and l~ding gear
should be retracted as soon as the airplane be~ins to
dive
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1: Control Foroes .
1
i~ Thk”dlscussion of the results of the spin te~ts.”has

been based on control effectiveness alone without regard

~
to.the forces required to move the oo~trols. For all

~
tests, shfficlent force was applied to the r@dera .to

““reverse them fully and rapidly. The pilot must supplyI
.s@’fl~~pntforce to t-heruddbr pedal to ~ve”ihe”rudders
in a“”shilar manner In order for the rno@~”and airplane
results to be slmllar. Although the force required to
$’ul~yreverse the rudders.on the model d~lng the spin
was not measured, it is believed that,beo~use Gf the low
rate of fiotatlonin the spin And the high qnglb of attack
of the alrpl~e, the pilot will encd@ter li$tle difficulty
in rapidly.reversing the rudders on the airplane... ..

Tlieelevator on”the airplane will float at or near
.the,full-up(with respect to the ground) stop when the
airplane is in a spin, and on the basis of information
furnished by the mamd?acturer, it anpears that the pilot
will be unable to move the elevator from this position.
Inasmuch as this 1s the elevator”positionthnt the model
tests have shown to.be conducive to rapid nosing down
after rudder reversal stops the spin rotation, however,
It will not.be necessary for the pilot to move the
elevator from this position for spin recovery.

CONCLUSIONS ~T~ F@OOMH3HDATIONS

Based on the results of spin tests of a 0.059-scale
model of the XP-55 airplane, the following conclusions
and recommendations are made regarding the spin and
recovery characteni$tics Qf the airplane at an altitude
of 10.000 feet. The conclusions apply ”specificallyto
the XP-55 airplane modified to improve longitudinal-
trlm characteristics by the installation of a large
elevator with deflections of *60° and Installation of
large wing tips with extensions of the wing-tip trimmers
as recommended by the HACA.

1. The spins for all control-configurationsand
loadings will be flat and oscillatory. The spin rotation
will stop shortly after rapid full reversal of the rudders
for all control configurations.

1. —. . —
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2.
will be

Splna with ailerons deflected against the spin
violently oscillatory and should be avoided on

the airplane. .-

3. When the stick is neutral lon.@tudhally or
back, the airplane will remain at a flat e,rect.att~tude
after the rotation stops. The airplane will nose down
into a gteep dive afteizthe rotation stops, howsver; when
the stick is forward oi-free longitudinally.

4. Koving the.center of gravity forward, decreasing
the mass distribution along the fuselage, deflecting the
flaps and extending the landing gear, or llnkin~ the
extensions of the wing-tip trimmers with the elevator”
will increase the rapidity with which the airplane no”ses
down into a dive after the spin rotation stops.

5. Movlng”the center of gravity rearward or linking
the extensions of the wing-hip trinmers with the rudders
or ailerons will decrease the.tendency of the airplane to
dive after the spin rotation.stops.

6. The recommended .recavery‘teckwd.quefrom erect
spins is rapid full reversal of the rudders accompanied
by either full forward movement or release longitudinally
of the stick.

7. The recommended recovery technique from inverted
spins is rapid full reversal of the rudders accompanied
by full rearward movement or release longitudinally of
the sticlc.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va. “

. .
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TABLE I.- DIMENSIONALCHARACTERISTICS

Length over all-,ft..... . . . . . . .
Propellerdiameter,ft . . . . . . . . . .

OF THE CURTISS-WRIGHT
.

. . . . . . . . . . .
.0 .”.. . . . . . .

Wing:. . . . . . . . . . . . . . . . .. ’filthlargewingtips
span, ft ● 9*... ● ..9.. .9 .0.. 41.02
Area,sqfi:l:l..... . . . . . . . . . . ...213.2
Seotion,root . . . . . . . . . . . . . . . . . C-W 6500-0015
Section, tip . . . . . . . . . . . . . . . . . C-W 6500-0015
Root chord incidence,deg.. . . . . . . . . . . . . . 4.25
Tipchord lncldence,deg.. . . . . . . . . . . ...0.
A8pect ratio . . . . . . . . . . . . . . . . . . ...7. a
Sweepbackat 25 percent chord line, deg . . . . . . . . 28.5
Dihedral at 25 percent chord lime, deg . . . . . . . . . 4g
Taper ratio . . . . . . . . . . . . . . . . . . . . . . 3.6
Mean aerodynamicchord, ln. . . . . . . . . . . . . . . 67.IJ+
Leadingedge of M.A.C. rearward of
leading edge of’root chord, in. . . . . . . . . . . . 62.88

Leading edge of root chord rearward
ofnoseof airplane,ft . . . . . . . . . . . . ...11.23

“-=Z!!E1

XP-55AIRPLANE

.. 6,0 . . 29.58

. . . . *.. 10.0

‘ith’11‘1%$$
c-w 6500-ooi5
C-W 6500-0015

k.25
0.75

‘ 7.91
28.5
43
3.6
67.69

61.08

n .23

Ailerons:
Area rearwardof hinge line, percent of wing area (with large whg tips) . ..1

$dSpan, percent of wing semispan (with large wing tips) . . . . . . . . . . .~. 3 .
Chord, percentofwhgchord . . . . . . . . . . . . . . . . . . . . ...’. 20.0

NATIONAL ADVISORY
COMMITTEEFOR AERONAUTICS
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TABLE 1.- DIMENSIONALCHARACTERISTICS- Concluded

Iarge horizontaltall surfaces:
Total area, si ft...... . . . . . .
Span, ft . . . . . . . . . . . . . . . .
Distancefrom normal center of gravity to
Tab chord, percent elevator chord . . . .

*all horizontal tail surface:
Total area, sqft . . . . . . , . . . . .
Span,ft ● .O . . . . ● . . . . . ● ● .

Vertical tall surfaces:
Total exposed area, sq ft . . . . . . . .
Fin area forwsrd of htnge line, sq ft . .
Rudder area rearward of hinge line, sq ft

. . . . . . . . . . ,,
..00. . . . . . . .

elevatorhinge line, ft
.

.

4

.

.

●

●

✎

✎

✎

●

✎

Rudder area, percent of exposed vertical tail
Over-allheight, ft.... . . . . . . . . .
As~ectratlo . . . . . . . . . . . . . . . .

.

●

✎

✎

✎

✎

.

.

.

●

✎

✎

.

.

.

.

.

.
area
.,.
.,,

.

.

.

●

✎

✎

✎

✎

✎

●

✎

●

●

●

✎

✎

✌

✎

.

m

.

.

.

●

.

.

.

.

●

●

✎

✎

●

●

✎

●

.

●

✎

✎

●

9

.

●

.

.

.

.

.

.
8
.
.
.

Diktancefrom normal center of gravity to rudder hinge ldne, ft
Mstance from rudder hinge line-to pl&e of symmetry;ft .-. .

9

●

.

●

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

w

.

.

●

9

.

.

.
NATIONAL ADVISORY

COMMITTEEFOR AERONAUTICS

.

.

.
●

✎

●

●

✎

●

9

.

●

●

.

.
●

✎

●

●

✎

✎

✎

●

●

●

✎

✎

●

21.52
11.31
15● 95
25.00

18.63
8.92

.
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TABLE II

CONDITIONSOF THE CURT12.3-WRIGHT.U”-55YODEL INVESTIGATIONIN THE .
20-FOOT FRZE-SP~TING TUNN3L

Configuration

Clean
-----~do-----
------do--””-
------do-----

do------ -----
------do-----
------do----
------do-----
------do-----

“ Landlzqq.uS-
Flap down
L8nding gear
extended

. . .

.

Loading
(a) .

Type of
spin

Normal
A

;
D

Normal
--do--
--do--
--do--
--do--
--do--
--do--

~rect
--”-do---
---do---
---do---
---do---
---do---
---do---
---do---
Inverted
Erect
---do---
---do---

Landing
gear

Retracted
----do---
----do---
----do---

do---- ---
----do---
----do---
----do---
----do---
Extended
Retracted
~xtended

I Extensionsof
Flaps I Wing-tip

- (deg) trimmers
(b)

o
0
c!
o
0
0
0
0
0

45 down
45 down

o

Neutral
------do-----

do------ -----
do------ -----

------do-----

;
Q

MeutrAl
------do-----
------do-----
------do-----

-

Data

on
chart
.—

2

:
4
4
5
6
6
7
8
9
9

A. Ix-and Ii”Increasedby 60 percent of Ix.
B. Iy and 1= decreasedby 20 percent of Iy.
C. Center o? gravity 7 percent of mean aerodynamicchord forward

of nornal.
D. Center of gravity 8 percent of mean aerodynamicchord rearward

of normal.

b. Extensionsof wing-tip trinmers:
I F’. Linked with the ailerons.

G. Linked with the rudders. NATIONAL ADVISORY
I

E. Linked with the elevator. COMMITTEEFOR AERONAUTICS

.

.

I
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TA8LEIII. - MASS CHARACTE21STICSAND INERTIAPARAMETERSFOR THE WADINGS TESTEDON THE CURTISS-WRIGHTXP-55MODEL

[ml.,wduos are p*atd illtelme0, fuu-scsh values;momentsd imrtla me aboutcenterof grsvlt~

7

hmonta of inertia MaSSparameter
Iy P P“

Number LOading (%% ~;
z/: (&- (slu~ (~.r lX- IY Ir - Iz Iz -21X (Sea (1:::~

feet2) feet2) feet2) mb2 2 level)
mb mb

1 Noz?nal 7717 0.118 -0.019 4120 10*896 14,712 -16s XloA 45 x 10-4263 X~-4 11.52 15.61

2 Ix and 1~ j.noreaaed60 pe~ 7906 0.099
oentof IX

-0.008 6638 11,916 18,476 -l’s x 104 -159x 10+ 287X 10-4 11.80 15.98

4
3

Iy and 12 deoreaaed20 Pem
7851 0.109 -0.008

-4
oentoflY 5657 8651 14,270 -75 x 1o-4-137x 10 210x 10 11.72 15.88

4
Cef~:a:: ravltymoved

f
7811 0.048 -0.012 5063

pezwentof M.A.&
12,672 17,718 JS6X ti4 -124 X ld 310x 10-4 11.66 15.80

5 Center of gravitymovedreap
ward 8 peroentof M.A.C. 7835 0.232 -0.016 4542 9860 14,255 -130x10-4 -107 Xd 23!7x 10-4 11.70 15.84

NATIONAL ADVISORY

COMMITTEE FIX AERONAUTICS

z
o
.



TABLEIV. - MASS CHARACTERISTICSAND INERTIAPARAMETERSFOR VAPIOUSLOADINGSPOSSIBLEON THE CURTIS&WBIOllTXP-55AIRHANC

Jjmmntsof inertiaare abut centerof gravitg

Cente~:::~q&vity Momentaof inertia Mass parameters P’ P
IX Iz

Number LOadlng (%% ) (2g. (~ug- ‘X - lY IY ’21z Iz -z~x
(Wa

x/; 2/; (sJJg-
(looy

level)
feet2) feet2) feet2) mb2 mb mb

6 Nonnal 7717 0.117 :0.019 4300 11,515 15,005 -172x10”4-89 x K@ 268x iO-4 11.52 15.61

7 Maximumincreaeein 8424 0.123 -0.024 5707 110722 16,235 -137x 1o-4-103x 10-4240X 10-4
Ix end Iy possible

12.58 17.04

8
Maximumlnoreaaein
Iy and Iz pnselble 8582 00116 -0.021 5702 11,82’7 16,471 -137xlD-4-103x I& 243x 1o-4 12.81 17.35

MaximumdeoreaseIn
9 Iy end Iz possible 6378 0.316 -0.006 4269 8449 12,027 -1.25x lo-4-107x10-4232x 10-4 9.52 12.80

10 0.303 0.041 5623 8&32 13,295 -81 X10-4-1% x10-4237x Lo-4 10,58 14.33

11
Most forwanioente-
of-gravity10oation 7732 0.105 -0.018 42B8 11,531 15,141 -179x 104 - -4 268X 10-489 X 10 11.54 15.64
DOealble

‘l&at rearwardoenter.
12 of-gravity10oatlon 6519 0.321 -0.010 4257 84!?9 12,081 -124x 1.04-106X 10-4230xlr4 9.74 13.19

possible

NATIONM ADvIsoRy

COMMITTEE ~ AERONAUTICS

z
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CHART 1.- KEY AND FOOTNOTES FOR CHARTS ON SPIN CHARACTERISTICS OF XP-55 MODEL

Model

u

D

KEY

E

(x d
(degl ldeg)

~fi
(fpsl (rps)

F
Turns f 0 r

recovery

Path of fuselage
reference line
after rotation
Stops

values converted

Inner wing up

Inner wing down

LO corresponding full-scale values

- Model ulided forward at a flat attitude for a short
dlstince before hitting safety net.

_ Model glided forward at a flat attitude for an
appreciable distance before hitting Bafety net.

~ Model glid $d forward at 8 flat attitude for a short
dletance and l.hen nosed down into B steep dive.

~ Mod,l no~ed down into a steep
the spin rotation stopped.

FOOTNOTES

aOscillatory spin; range of values or

dive immediately after

average value given.

bvio~ently ~acillatory in pitch and rO1l.

cAmplitude and violence of oscillations in pitch and roll
progressively increased until model pitched andlor rolled
inverted. The o.scillatlons and the pitching andlor roll-
ing erect -inverted,. etc. , continued until the model hit
the 8afety net.

dToo ~8cillatory in pitch and roll to teet completely.

‘Model yawed in a circle of extremely large radlua at a large
angle of attack. Rotational velocity waB low.

fRecovered in a wide spiral glide.

gwa”d~rj.”g Spin.

hsteady oscillation in pitch. Model appeared to gallop.

iModel ~e”t ~“to a“ l“verted spin after a short vertical dive.

jHigh ~ate of descent. Model executed one violent 06clllation
in pitch per turn of spin.

kToo ~and~ri”g Lo te8t COmPletely -

‘Very steep, smooth spin with too wide a radius of spin to test
completely.

‘Pitched into an inverted fiat attitudeaftershortvertical
dive.

Pvi~Uale~tlmate. NATIONAL ADvISORY *

coMPNTTIE F~ AERONAuTl-
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cHART 2.- EFFECT OF cONTROLS ON THE SPIN ciiARAcTEi+15TICS op THE xP-55 MDEL

~ormal loading: cockpit cloBecl: landing gear retracted; flaps neutral; exten8i0n8 of wing-Lip trimmers at, OO; recovery by rapid full rudder revereal
[recovery attempted from, and steady-spin data presented for, rudder-full-with spine) ; erect spins: direction of spin a8 indicaterj

(Loading 1

B
90 6U
74 8D

182 .19

3
T

—

Spins to pilot’s F1gh L.
or. table 111 and point 1 on figure 7)

a

El
74 12U

18D

182 .19

1

.

a

El
88 18U
62 19D

171 .20

+

4
z Two condlti ons possible

~!+.
.;<j

.-I a, b c“ 8 m

B ~ ‘- - -

,: 95
59 1%’: Aile,cms ~~ ‘~~

❑ full Ailerons full
: 182 . 15 NO spin against 171 .21 with 171 .13
x
: 1 [Stick left). 1 (Stick right) 1
m T z
*-
d

,-

EINo 8pln

c

ElNo spin

aa73 18U
62 7D

171 .20

11
-z’ T

a

21
83 10u
57 15D

166 .21

~+

i

Spin6 to pilot’e left
(Loading 1 on table 111 and point 1 on figure 7)

a, b

B

82 Iou
54 6D

179

~
2

a

El
66 9U
54 12D

171 .13

+, +

+—

a

El
73 12U
62 12D

171 .15

& +
4’

——

●=dx
:::

a, b a ~ a

94 2U 86 13U 97 19U
55 69 15D 64 24D

Ailerons full Ailerons full
171 .11 against 171 .11 With 161 .09

1 [Stick right) L1
T

(Stick left]
4’ T +’ +

— .- —4
L

c

ElNo spin

c

ElNo spin

c

ElNo spin

Two condition8 poeelble
% d’

3H

74 1Ou
61 7D

171 ,16 Spin

+, 1

41

‘RIOconditions possible
a .C

El

79 llU
52 2 lD

185 .16 No spin

A
4

z
o.

r’

NATIONAt ADVISORY

CDMMITTIE FO ASRONNITICS



CHART 3.- EFFECT OF MASS DISTRIBUTION ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

~oding as indicated; cockpit closed: landing gear retracted: flaps neutral; extensions of wing-tip trimmers at OO; recovery by rapid full rudder revernal
(recovery attempted from, and steady-spin daLa presented for, rudder-full-with epins ): right erect splntij

MaBs extended albng wings
I Ix and lZ i“cree.sed by 60 percent of lX, loading 2 on table 111 and (If

Mass retracted along fuselage
and Iz decrea6ed by Zo peKCent of Iy, loading ~

point 3 on figure 7)
ab

Dq

89 50U 87 38U
55 25D 30 38D

190 .23 179 .20

3 ~
T 2

on table 111 and

E!No spin

point ~ on figure

B

No spin

7)
a

El
’71 2P
58 33D

190 .17

1 ~
72

+- EI
73 20D
60 41D

174 .19

~
2

a,b

56u
:: 67D

183 .17

&
2

*

I

MI[ J

TWOconditions possible
a

3H

74 10U
41 llD

No spin 182 ,11

Two conditions pomlble
c

HNo epin B
a,h

77 22U
56 31D

177 .23

1

8 a

11
28U 75 10U

70 25D 47 170

182 .16 177 .15

3
T +

a, h

El

77 32U
60 20D

174 ,25

1
lT

1

TWOconditiom poaslble
a f c. i a, hf

R

No spin

a, Ea78 17U
5a 25D

185 .18

f2,
f2+ ElNo spin El

72 13U
57 7D

179 .24

$

+

+M
68 16u
52 9D

182 .18 NO spin

1

z
z

z
o.

NATIONAL ADVISORY
COMMITTEE F* AERONAUTICS
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CHART 4.- EFFECT OF CENTER-OF-GRAVITY LOCATION ON THE sPIN CHARACTERISTICS OF THE XP-55 MODEL .,

location 88 indicated; cockpit closed; landing gear retracted: flaps neutral; extenalona of Wing-tip trimmers at OO; recovery by rapid
rudder reveroal ( recovery attempted from, and eteady-spin data pre Ben Led for, rudder-full-with spins 1; right erect spins]

CONFIDENTIAL

Center of
I Loading

gravity 7 percent of M.A.C. forward of normal
4 on Table 111 and point 4 on figure 7)

Center of gravity
(Loading 5 on

8 percent of M.A.
Table 111 and poi

c.
,nt

rearward of norme.1
5 ,on, figure 71

aab

1
95 61U
47 48D

193 .16

$BNo spin

a

El
73 21U
21 18D

174 .13

$

—

a

El
75 30U
63 12D

177 ,20

L$”
2’

.—

a

@

98 38D
68 48D

182 .18

1 El
90 24U
65 44D

179 .16

+

.~+x
‘-2:

c ;&na

85 50U
48 42D

Alleron8 full
No spin

Ailerons full
against 17i .20 with

(Stick left)
~

[Stick right)

2

a, b

a

81 35U
65 64D

185 .17

1

c a

98
79

No spir 182 .13

1’

4l-l I I
1 I

EL
I

:41*
+g::
;Lltiz

Two conditions possible
a

49 8U
39 SD

203 ,19

Two conditions possible
c

ElNo epln

a bk

BE

84 19U
55 14D

177 . 22 Spin
—

11 1
~)l;

ii– —

a k

H

93 42U
64 47D

185 .22 Spin

~
4

.

*C

INo 6pln

a

a102 39U
61 44D

171 .16

~
2

Two condltiona possible
a c

RR

* 57 22U
u
k

~ 204 .18 No spin
.3
$
0
z

Two conditions Doflfiible Two con~itions pee. sible
a, a

HE

76 0 44 13U
43 14D 6D

182 .20 208 .17

~~
4

a a“

EIE!3
73 llU 52 lU
50 7D 37 15D

177 .22 206 .21

tl {1

c

ElNo epin

e

PaNo spin ElNo spin
z
o
.

I J

NATIONAL ADVISORY

COMMITTEE FORASMAUTKS
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CHART 5.- EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIp TRIMMERS WITH THE ELE’JATIJR ON THE SpIN CHARACTERISTICS OF THE XP-55 MODEL

[Normal Ioullng; cockpit closed: landing gear retracted; flaps neutral; extensions of wing-tip trlmmera as indicated: recovery by rapid full rudder
reversal (recovery attempted from, and 8teady-spin daLa presented for, rudder-full-with epinsl; right erect spins]

EXLen810n S of winp-tip trimmers llnked with the elevator.
2 to 1 deflection ratio between the elevator and the extensions.
Trailinu edge of extensions are UP when trailing edfle of elevator is

A., ,.

aNo Spih

c

ElNo spin 3
92 44U
54 47D

189 .21

1+

: ,
..4 Ailerons full Ailerons full
.5 againatm with
0
a [Stick left) [Stick right)
x
:
.
a
;

,-$

4
w

c

BNo pin

a h

@

92 23U
53 22D

171 .18

3

;:

““w,

Extensions of wing-tip trimmers fixed at neutral

T90 6U
74 8D

182 .19

3
i

‘WOconditions possible 7
74 12U

18D

182 .19

1

abc

H ~“

a

95 9U 91 22U
59 17D 71 5D

182 .15 No spin 171 .21

~
2

1

ElNo spin

Ia76 19U
58 12D

174 .26

lL
4

7

88
62

—

171

-
—
1
18U
19D

.20

-1

!.

21
97 6U

z

Es 18D m

171 .21 z
o
.

1, 1+
r

77 z

NATIONAL ADVISORY
Ck
w

COMMITTEEFw AERWAUTKS



CHART 6.- EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIP TRIMMERS WITH THE AILERONS AND WITH THE RUDDERS
ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

~ornm.1lodln~; CCICICPILcIo.~d; landing war retracted; flaps neutral: extensions of wing-tip trimmers linked a8 indicated: recovery by rapid full
rudder reversal [recovery attempted from, and 8teady-apln data presented for, rudder-full-with spins); right erect spins]

Extensions of wing-tip trimmers linked with Lhe ailerons, 1 to 1 de-
flection ratio 6eLwien the ailerons and the extenslons~

3No apln

b

z

94 29U
63 31D

171 .17

~
2

z.
c
:

Aileron8 full Alleron8 full:
❑ again6t with
: (Stick left) (Stick right]
x
:
,s
❑

;

TIC
:
~

:
;

,H

No spin

:
m

Ill I1’741.,8 IIs,,”]

caNo spin El
a b

H

71 w
56 16D

174 .17

~1 ,-
42

4—

Extensions of wing-tip trimmers linked with the rudders, 1 to’ 1 de-
flection ratio between the rudders and the extensions. Right exte”slo”
1s up when rudders are

.

ElNo spin

right.

E

No spin

a

El
12U
llD

182 .12

3
4.

I
3 R a

81 lU 88 38U
71 43D 60 13D

171 .08 189 .12

~ ~
4 ?

- -

e

ElN0 spin

e

ElNo spin

e

ElNo spin

Two conditions possible
%be

El
74 2U
41 14D

198 .16 No epln
z
o
.

NATIONAL ADVISORY
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CHART 7.- INVERTED SPIN CHARACTERISTICS OF THE XP-55 MODEL

~ormal loading: cockpit cloeerl; landing gear retracted: flaps neutral; extensions of the wing-tip trimmers at OO;
(recovery attempted from, and Bteady-spin data presented for, rudder-full-with epine):

recovery by rapid full rudder reversn~
direction of spin ae indicated; inverted 8pin~

Spins to pilot’s right
(Right rudder pedal forward Cor steady spin. Left rudder

pedal moved forward for recovery 1
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Spins to pilot’s left
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pedal moved forward for recovery )
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CHART .9. - EFFECT OF FLAPS AND LANOING GEAR ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

~ormal load, ng; cockpit closed; landing gear and flaps aB lndlcat.ed; extenglonm of wing-tlp trimimerB at 0°: recovery by rapid full rudder revernal
I recovery attempted from, and steady-spin data preeented for, rudder-full-with spins): right erect splnn]

Landing condition (Flaps dew” 45°, landing gear extended )
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I CHART 9.- EFFECT OF FLAPS AND LANDING GEAR ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

~ormal loading; cockpit closed; landing gear and flaps aB indicated; extensions of wing-tip trimmers at OO; recovery by rapid full rudder reversal
(recovery attempted from, and steady-spin dala presented for, rudder-full-with spins); right erect splnsi

Flaps down 45°, landing gear retracted
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Figure l.- Drawing of the 0.059-scale model of the Curtis s-
Wright XP-55 airplane as tested in the free-spinning
tunnel . Wing root incidence, 4.25°, leading edge up.
Tip chordincidence, 0.75°, leading edge up. Center-of-
gravity location shown is for the normal loading with
the landing gear retracted. Large elevator and large
wing tips with extensions of wing-tip trimmers installed.
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Figure 2.- Leading-edge wing-root spoilers removed for tests of the
0.059-scale model of the xP-55 airplane in the 20-foot free-
spinning ‘tunnel.
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Figure 3..-Comparison of the alternate elevator tested on the 0.O.59-scale model of
XP-55 airplane in the 20-foot free-spinning tunnel with the original elevator.
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Figure 4.- Comparison of the alternate wing tips tested on the 0.059-scale model of the
XP-55 airplane in the 20-foot free-spinning tunnel with the original wing tips.
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Figure 5.- Extension of the wing-tip trimmers tested on
the 0.059-scale model of the XP-55 airplane in the
20-fOot free-spinning tunnel.
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Figure 6.- The 0.059-scale model of the XP-55 airplane as
tested in the 20-foot free-spinning tunnel in the clean
and landing conditions.
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Figure 8.- Typical spin of the 0.059-scale model of
the XP-55 airplane. Camera speed: 64 frames per
second.
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Figure 9.- Typical motion of the 0.059-scale model of
the XP-55 airplane v?i?.hailerons fIJll aCainst the
spin, rudders full with the spin, and the stick
forward or free longitudinally. Camera speed: 64
frames per second.
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